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New Conveniences for 
Microwave Power Measurements 



ANl^MBER of new thermistor mounts 
have been developed in the -hp- labora- 
tories for simplifying measurements of mi- 
crowave power levels. These mounts have all 
been designed as broadband mounts which 
require no tuning and have no tuning provi- 
sion. Any of the mounts can be used with 
pulse or square-wave modulated power as 
well as c-w. 

The new mounts include both waveguide 
and coaxial styles. The coaxial mount 
operates over virtually the entire practical 
frequency range for coaxial systems— 10 
megacycles to 10 kilomegac>xles. Perform- 
ancewise, the VSWR of the mount is iess 
than 1.3 from 50 mc to 5 kmc and less than 
1.5 from 10 mcto 10 kmc. 

For waveguide use, a series of four mounts 
has been developed. These are the -hp- 
487 A series, and, collectively, they operate 




Fig. I. Sew *hp* MoJc'I 4H7A hroa^hitmi tbtrmixtor 

mount used uith direciiiintil co/jpler and poiver meter to 

ffiofiilor potter tetei in wmegmd^ system* 



from 3.95 to 12.4 kilomegacycles. These 
waveguide mounts also are non-tunable and 
have a VSWR of less than 1 .5. 

Since thermistor mounts in themselves 
serve only as devices for absorbing the micro- 
wave power to be measured, they must be 
used with a power meter such as the -hp- 
Model 430B Power Meter.* This meter has a 
measuring range from 0,01 to 10 milli^vatts. 
The meter itself is essentially independent 
of frequent)' and can be used with any of 
the mounts, 

WAVEGUIDE MOUNTS 

In power terms, the VSWR of 1.5 for the 
waveguide mounts means that less than 0.2 
db of the power incident on the mount will 
be reflected in an otherwise matched system. 
Although it is possible to achieve lower re- 
fleaions with tunable mounts such as the -hp- 
485A tunable mounts^ the difference is not 
great. Where the tunable mounts reflect less 
than OJ db, the new non-tunable mounts re- 
flect less than 0,2 db. Obviously, the non- 
tunable mounts are suitable for most pur- 
poses and, because no adjusting is required, 
are especially suitable for rapid, production 
line measurements. 

The waveguide sizes and frequency ranges 
of the four mounts are shown in the accom- 
panying table (next page). 

Each waveguide mount consists of a 
shorted section of waveguide with an un- 
capsuled thermistor mounted on posts in- 
side the guide. To achieve a broadband 

*A further dbcussion orthe 430B power mister is giveu 
in VoL 2, No. "^-8 of the Hewl^ct-Packaffd JoamaL 
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Fig» 2* Model 4H7A trateguitle mot^t/i for 
me wHh 2" x 1" Uineguidc from ^,95 io 

WAVECyiDE THERMISTOR MOUNTS 



Model 
G4H7A 


Rongt 


Waveguide Size 
f Outer Dimension 1 


3.95- 5.«5kmc 


2 » I in. 


J4K7A 


5,85^ 8.20 


Hx ^ 


H487A 


7,05-10.00 


lix 1 


X^18*7A 


8.20-12.40 


I ^ i 



match* shuQt capacitive posts aod a 
series capacity slot are arranged co 
match the thermistor and its moimt' 
ing structure over the range of a 
waveguide* An impedance plot rep- 
resentafivf* nf xhi* p^rform^otx* of 
the mounts is illustrated in Fig. 4 for 
the 8.2 to 12.4 kmc mount. The plot 
is shown as referred to the plane 
of the first design element in the 
mount. 

Ihe thermistor element in all of 
the waveguide mounts is operated at 
a resistance level of 200 ohms. As in 
most microwave type thermistors, 
200-ohm operation occurs at a power 
level of approximately 9 milliwatts. 
This prevents the mounts from being 
direct-reading on the lO-milUwatt 




fig. 5. SitnpUfieti crOU-^^eimnai drauin^ 
of Model 487 A waveguide fnoant. 



range of the power meter. The rea- 
son for this is that the power meter 
is a power substitution device, and, 
in order lo measure 10 miUi waits of 
r-f, the meter must first apply at 
least 12 milliw^atts of low- frequency 
and d-c power to the thermistor. 
S i nee 1 2 m i 1 1 i w^a cts wo u I d red u ce t he 
thermistor to less than a 200-ohm 
level, the power meter will supply 
only the 9 milliwatts needed to bias 
the therm i*iitjr to 200 ohms. Because 
of this, the 487 A waveguide mounts 
are rated for use up to 3 milliw^atts— 
the second highest range of the 
power meter. 

The hurn-our value of thermistors 
is quite high— several hundred milli- 
watts. At this level, owing to their 
large temperature ctwfficient, the 
thermistors constitute such a ptxir 
match for the system that it is im- 
usual in practical use to burn them 
out. Should burn-out occur^ however, 
the thermistor can be replaced at the 
-hp- factory or by an experienced 
technician. 

For measuring powders higher than 
about 3 milliwatts, the mounts 
should be combined with attenu- 
ators or directional couplers. Recom- 
me nd ed eq LI i p men t a r r a n ge me n t s a r e 
described later. 

10 MC-10 KMC COAXIAL MOUNT 

The Model 477 A coaxial mount 
uses two u neaps u led thermistors, 
each operated at 1(X) ohms. These are 
arranged to appear in parallel to the 
r-f line and in series to the powder 
meter. The r-f line thus sees an im- 
pedance of 50 ohms, while the power 
meter sees 200 ohms. This arrange- 
ment has been enhanced with a 2- 
element network to provide a very 
satisfactory match to a 50- ohm sys- 
tem over the complete 10 mc to 10 
kmc range, as indicated by the 
admittance plot of Fig. 6, The mount 
can be used to measure power levels 
up to Ifl milliwatts^ the highest range 
of the 430B Power Meter, 

The total power necessary' to bias 
a thermistor to 100 ohms is approxi- 
mately 14 milliwatts. For 200'ohm 
operation it is about 9 milliwatts. 




Fig, 4. Typicjl impedame ihji-jcteriiik 

of wiive^iitdi^ thermistor mofitti for H,2 io 

12,4 km range (Model X4S7Ak 

Ihe 4 77 A mount, since it uses tw^o 
lOO-ohm operated thermistors, re- 
quires at least 28 milliwatts of bias 
but appears to the power meter as 
200 ohms. Although the 4 30B is 
capable of delivering this amount 
of bias power, its switching arrange* 
ment has been made such thai it 
will not deliver it in the 20f*-ohm 
position. 

It is therefore necessary to modify 
slightly the switching arrangement 
on the iM}B to use it with the 477 A 
mount. To simplify this modifica- 
tion, a kit has been arranged such 
that the 430B can be modified in a 
short time. 

The kit provides for a new current- 
selecting switch on the i30B, By 
means of this switch, bias powers 
well in excess of the nominal 28 
milliwatts needed for the 477 A 
mount can be supplied to 200-ohm 
negative temperature coefficient ele- 
ments. However, even without this 
mixlification the 430B can be used 
with a wide range of positive and 
negative coefficient bolometer ele* 
ments. 

The panel of a mtxiified 430B is 
shown in Fig, 7. The added bias 
switch is located at the upper right 
of the panel and is provided with 
eleven positions. The first position is 
an "off** position which opens the 
bias circuits so that low-power bolo- 
meter elements can be connected 
without danger of burn-out. After 
the element has been connected, the 
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Fig. 5. *hp- Model 471 A coaxial iherm- 
istor m&fffil for stse from 10 mc io 10 kmc. 

bias switch can be advanced as neces- 
sary CO one of the remaining posi- 
tions. The calibrations for the switch 
are made on a place which is color- 
coded for various types of common 
bolometer elements. Coarse and fine 
zeroing concrols for the modified 
430B are retained, althoui^h they 
have been combined into a dual type 
control. The controls are effective for 
each position of the new bias switch 
and have the same relative effect for 
each switch position. 

Modified -i3()B's with the kit al- 
ready installed can b*^ obtained on 
special order. For a 430B presently 
in use, the kit can easily be installed 
by a technician in less than two 
hours* time. The kit is designed only 
for the -hp- 4 3 OB Power Meter and is 
not useful with the earlier 430A* 

MODULATED POWER 

Since chermistors have relatively 
long thermal cime constants, they 
respond in prop<irtion to the dut>^ 
cycle of pulsed microw^a^e power. 
Consec|iiently, the new thermistor 
mounts can be used with the 430B 




Power Meter to measure pulsed pow- 
er as welt as square- or sine-wave 
modulated power. The meter read- 
ing obtained w*ill indicate the aver* 
age power received by the moLint. if 
the power levt:! of an individual 
pulse is required, the meter reading 
must be multiplied by the reciprocal 
of the duty cycle of the pulsed power. 
Readings can be made on pulse repe*^ 
tition frequencies as low as 10 pps. 

If the 430B Power Meter is used 
with short thermal time constant 
bolometer elements such as barret- 
ters, precautions should be t^ken if 
the modulation frequency is below 
about 200 cps. For sine- and square- 
wave mcKlulated power, the meter 
reading will tend to incrcnise at low 
modulating frequencies. On the 10 
milliwatt range of the power meter, 
this increase will tend to occur at 
modulating frequencies below 200 
cps; on the other ranges-, the reading 
will be unaffected down to approxi- 
mately 100 cps.'^' 

The basic reason for the increase 
in reading is that the barretter re- 
sistance tends to follow the modula- 
tion on the r-f power This, in turn, 
causes a modulation of the self- 
balancing bridge oscillator used in 
the power meter. This modulation-^ 
when applied to the indicating s>'^s- 
tem in the power meter, results in a 
meter deflection that is the average 
of the peak -to- peak voltage of the 
modulation envelope. However, this 
average voltage is lower than che rms 
voltage of the modulated waveform. 
Because of the power substitution 
operation of the power meter, the 
lower average voltage results in a 
meter reading that is higher than it 
should be. (In effect, the meter sub- 
tracts from Its full scale value the 
amount of substitute power remain- 
ing in the barretter. Since the 
measured value of substitute power 
is low, the actual meter reading will 




Fig. (5. Typical adnnttante charatterisik 

of -hp- Model 477 A coaxial thermisior 

mount. 



Hn Model 450 A Power Meiers an4 in, Model 
0oB'ii hav'tng sefial numbtrs below 9^1, ihcs* 
frc<juencje!i are I'^OO and 850 cps, ftspeciively. 
In thtf!ir !>jme in:strunients some mcrc^fff in read^ 
irifj ma) be ubraincd when uiini; E tiermi^tors with 
sine- and ^quare^wav^ modulaEed power at modit- 
latrng rrequencicj below 550 irp*. 



Fig. 7. -/yp- Model 4^0B power meier as 

modified for use uilh Model 477 A coaxial 

thermiiior mount. Sen bias current 

switch is at upper right of patnl. 

be high. J The limiting condition is 
that the meter reads about 1 db high 
when the modulating frequency is 
much Uavct than 200 cps (or 100 cps 
for the lower ranges). This is the 
maximum error obtained when using 
barretters with the power meter to 
measure sine- or square- wave modu- 
latetl power. 

When using pulse- modulated pow- 
er with barretters^ an effect somewhat 
different from the above is obtained- 
At pulse frequencies near submulti- 
pies of the 10.6 kc bridge oscillator 
frequency, beats are produced which 
show on the meter. At modulating 
frequencies which are exact sub- 
multiples of the oscillator frequency, 
the oscillator may lock in with the 
modulation frequency with the result 
that the meter pointer can dip to a 
low value. This effect is most notice- 
able on the O.l milliwatt range of the 
power meter. In either case, the 
effect can be avoided by changing the 
repetition frequenc}' slightly so that 
it is not a submultiple of the 10.6 kc 
power meter oscillator frequency. 
This solution can be used down to 
frequencies at least as low as 200 pps. 

When the 430B Power Meter is 
used with a thermistor lo measure 
pulsed power some beating of the 
meter pointer may occur* If desired, 
this can be avoided by changing 
slightly the pulse frequenc)\ No in- 
cidental effects of this nature are 
obtained when the -4300 is used with 
thermistors to measure sine- or 
square- wave modulated power at 
usual modulating frequencies. 
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MEASURING HIGHER POWERS 

M [ c fi ) w a V e p tj vv e r iiic as 1 1 re men is 
usually fall into one of two classes: 
measuring the power absorbed by 
the thermistor element when it is 
used as a fiat load for the system; or 
monitoring the power level in a 
system without disturbing the pow- 
er flow. Diagrams at ihe right 
illustrate practical methods for such 
measurements* The power ratings 
shown in the diagrams are average 
power ratings. In alJ cases the set-ups 
will accommodate much higher 
pulse powders. The equipments 
shown in the diagrams are not 
necessarily the only -hp- equipments 
that can be used for the me;is u re- 
men c. Notes under the diagrams in- 
dicate possible alternate equipment 
choices. 

—Wffj^ Gallagher 
and B. R Hand 



SPECIFICATIONS 

-hp. 

MODEL 487A 

BROADBAND WAVEGUIDE 
THEAMISTO^ MOUNTS 



Model 
G^flJA 
J4B7A 
HA87A 
X487A 



Frequency 
Range 
fKMC) 
3.95 . 5.a5 
5.85 - 8,20 
7.03 10.00 
e.20^ 12.40 



Wctvepuide 
Siz« 

(m.) 
2 X 1 

1 X ^/7 



VSW^, less ^hon 1 .5 entire waveguide ^re- 

MAXIMUM POWER IEV£L. 3 mw. 
MBT^R CONNBCTOR Jype BNC jock, 
JHEfiMlSTOli UMB CONSTANr^ ApproMi- 
mptply 1 second when cooling en an 

Qpen.cirCuf^ 
FlANG^S: Mounts ate provided with stond- 
ord cover flonges. 

0467 A; $95.00 H4e7A: SBO.OO 

J 487 A. 90.00 X4a7A: 75.00 

-hp- 

IMODEL 477A 

COAXIAL THERMISTOR MOUNT 

fRlOUBNCY kAMGBi VO mt to 10 kmc. 
VSWRt Less thon 1,5 [Ibss ^kan 1.3 from 50 

mc to 5 kfncK 
POWf^ fiANGB: .or lo 10 mw fwjth mcd^ 

fied 430& Microwowa Power Metef: ie* 

"Accessofifis'' be Fowl'. 
CONNECrORS, \np\tt ■ Type N plug 

Qutp^i/t - Type BNC iack 
BLBMBNT: 200 ohm, negative temperotufe 

coefficient. 

ACCfSSOA^fS: ^hp- 410B-956 Modificahon 
Kit. 'AclGpri -hp- 430B Micfowave Power 
Meter for oper<ttio^ witVt -hp. 477A ai 
weU OS other borretters and thermistors 
SU.50. 

-hp- 477A-2flA Sepldc^nient Thermistor 
flemeni Aisembly. S25.00 

PRtCBt hp- Model 477A Coaxial The/mistor 
Mount $75.00. f Fndtjides two pernio nsfttjy 
installed thermistors;. 
Afl prices f.o.b. Polo AJtn rni{»frt*'":« 
Data subject to chonge wUhoui notice. 
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'^-lOMW COAXfAL THERM ISIOR 

MOLfNT M 


^ -= O 


ICROME POfEfi METER 
(?iflODIFIEO) 



Arrangement for measuring average powers up to 10 mi i/i watts 

in coaxial systems. 



, UP TO 10 WATTS 



COAX-WAVEGUfOE 
TRANSITtOK 
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^--PfiECISlON 
ATTEKUATOfi 



^VWA 3M* 
-- THERMfSTOR 
NOUNT 



MICROWAVE y 
POWER METER -^ 



Arrangement for measuring average powers up to JO watts in coaxial 
systems, 'hp' Aiodel 370 series fixed attenuators, rated at I watt, may be 
useful in some applications in place of lO-watt Model 382 A ailjustahle 

attenuator. 



UP TO -^ 
10 WATTS 
5850' 12,400 M( 
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»jP-382A 0-50 

- PRECfSlON 

ATTENUATO 


38 /^%-4fl7A 3 Mi 

^-JHERHfSTOfi 
R HOUNT 


-A^-4508 
MfCfiOWAVE y 
POWER METER ^ 
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Arrangement for measuring average powers up to 10 watts in waveguide 
systems. See note above concerwing attenuators. 



UP TO I KILOWATT 
5fl50H2,400HC 



'V-7S2D-200B 
^-DIRECTIOPfAL COUPLER 






o 






^\ 




o 






o 


O c 



* 
TO LOAD 



V V3S2A 0-500B y ^hMlk 3Mf 
^-PRECISION ^THERMISTOR MOUNT 
ATTENtlATOR 



-V-430& / 
WCROWAVE -^ 
POWEft METER 



Arrangement for monitoring average powers up to I kilowatt in waveguide 

systems. *hp* Afodel ~WD series cross- gtiide directional couplers may he 

used in place of Model 7 3 2D. See note above concerning attenuator, For 

monitoring coaxial systems, -hp* JHiA senes coax*wave guide transitions 

can be used at each end of directiofial coupler. 
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